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SYSTEM AND METHOD EOR SOLAR DISTILLATION 

Inventors : Robert E. Foster, Michael J. Cormier, Gregory R, Vogel 

5 TECHNICAL FIELD 

The invention relates generally to solar energy methods and systems, and particularly 
with systems and methods for solar energy distillation. 




BACKGROUND OF THE INVENTION 
10 Solar energy is a free renewable energy source that is readily available in many parts of 

the world. Given that solar energy is readily available to all for merely the cost of equipment to 
convert it to an intended purpose, solar energy may be particularly attractive for use in areas with 
populations that have limited financial resources. Technological developments have resulted in 
the use of solar energy for many applications, for example, thermal heating systems, electricity 
15 production systems, and solar distillation systems. 

Solar distillation systems (also referred to herein as "solar distillers," "solar stills," 
"single basin or multiple effect stills," or simply "stills") have been in use since 1 872. Some 
examples may be found with reference to various patents including: United States Patent Nos. 
5,628,879; 4,135,985; 4,141,798; 4,487,659, and 4,267,021. Unfortunately, many of these prior 
20 art still designs suffer from various deficiencies so that they do not provide a practical solution 
for providing clean and safe drinking water to the masses of people throughout the world w ho 
have limited knowledge about solar energy distillation systems and finances. For example, many 
of the known stills are difficult and/or expensive to construct or purchase. In fact, in some areas 
of the w orld proper and safe building materials for building stills are not av ailable. Some stills 
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arc often difficult to construct, difficult to move, not durable, and/or difficult to maintain. 

One particular application of solar distillation systems is water distillation. In many 
geographical locations of the world clean and safe potable drinking water is expensive and/ or in 
scarce supply. Often the available water supply is salty, brackish, and/or contaminated with 
5 various undesirable and possibly toxic substances which results in water that may not be suitable 
for human and/or animal consumption. These geographical locations are often remote and might 
not have common utilities such as electricity and/or effective public water purification systems. 
Further, the people who inhabit these locations may not have enough money to be able to afford 
public water or continuous electric utility cost. As a result they often resort to purchasing bottle 

10 w ater for drinking and cooking purposes. However, a properly designed and operated solar still 
as provided by the present invention may be a preferred alternative to purchasing bottled water by 
providing many years of clean safe good tasting w ater production to these people. Such a solar 
still may be extremely effective in providing clean drinking water from a high dissolved salt and 
other mineral content water, effective at eliminating dangerous bacteria such as cholera, E. coli, 

15 etc, cost effective, easy to install, and easy to maintain. Although many solar still designs are not 
always capable of effectively removing volatile organic compounds (VOC) such as pesticides, or 
petroleum distillates. 

In one type of solar still the still basin may be sealed with a variety of materials, including 
silicone, so as to retain the liquid solution to be distilled. The basin sealing materials are applied 
20 to a rigid basin structural material or insulation material as a coating of material in liquid form 
that dries and adheres to a rigid basin structural material so as to seal the basin for retaining, for 
example, water. For example, the solar still basin structural material may be a cement, concrete 
or wood material and one or more layers of-sHteon may be manually spread over the surface of 
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the basin or an insulation lined basin to seal the basin structural material from the liquid (e.g., 

w ater) to be distilled. This sealing layer(s) may be referred to as the "membrane" or "diaphragm" 

of the still. However, manual application of the silicon is a cumbersome process and it is 

difficult to ensure an adequate seal in all locations of the basin due to the inaccuracy of the 

t. 

5 manual spreading process. Fumes from the silicon application can be toxic and cause people to 
become faint or nauseated. Further, some types of silicon, used may break down and contaminate 
the water, resulting in contaminated distillate. 

SUMMARY OF THE INVENTION 

10 The present invention is directed to an improved solar powered distillation system and 

method that can be provided, cost effectively, to the masses of people worldwide. The improved 
solar powered distillation system may be made of lightweight, cost effective, and durable 
materials (e.g., aluminum) and construction to ensure a low cost still that is easily transportable 
(moveable), affordable and durable so as to provide years of safe clean water production for 

1 5 people at any location throughout the world. The solar powered still may have a waterproof 

membrane that is extruded, molded, and/or spray-on and installed in a lightweight basin as a liner 
for improved ease of still manufacturing and assembly as well as improved sealing. Further, the 
membrane may include silicone. In a preferred embodiment, the membrane material may be an 
opaque food grade non-toxic odorless, tasteless silicorj, for example, Dow Corning 40 Silicone 

20 FDA Ingredients per CFR 177.2600. In one variation, the solar still basin may be formed from 
an aluminum sided insulation material, for example, Thermax made by Celotex. In another 
variation the solar still may also include a carbon filter attached to either the input or output of 
the solar still for filtering out VOCs. In a further variation the solar still may include adjustable 
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legs to facilitate leveling the still to ensure the most efficient operation possible. In one preferred 
application, the solar still may be used as a solar water purification system and method. The still 
may be provided to users in kit form and assembled on location where it is to be used. In any 
case, the still is a portable cost effective system that may be used to provide distilled water in any 
5 location throughout the world. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of an exemplary solar powered distillation system, 
according to the present invention. 
10 Figure 2 is a cross section view of an exemplary solar powered distillation system, 

according to one embodiment of the present invention. 

Figure 3 A is a perspective view of an aluminum sided insulation sheet as used and 
fabricated to form the casing of the still basin, according to one embodiment of the present 
invention. 

15 Figure 3B is a cross section view of the aluminum sided insulation sheet as fabricated for 

use in forming the casing of the still basin, according to one embodiment of the present 
invention. 

Figure 4A is a perspective view of an extruded membrane sheet, according to one 
embodiment of the present invention. 
20 Figure 4B is a perspective view of a molded membrane basin liner, according to one 

embodiment of the present invention. 

Figure 5 is a perspective view of another exemplary solar powered distillation system, 
according to another embodiment of the present invention. 
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Figure 6 illustrates a How chart of one method for assembling a solar powered distillation 
system, according to one variation of the present invention. 

Figure 7 illustrates a flow chart of one method of operating a solar powered distillation 
system, according to one variation of the present invention. 



Although solar powered distillation systems have been know for some time, a low cost, 
lightweight, easy to assemble, portable still with good reliability has not been available until the 
creation of the present invention. As such, until now low cost high volume production of solar 

10 power distillation systems has not been viable. The present invention uses a unique set of materials 
and assembly processes, along with offering a unique method of still operation, to provide a low- 
cost, lightweight, easy to assemble, durable and reliable solar power distillation system that may be 
sold, shipped to, and used at any location (including remote locations) throughout the world. A 
preferred application for the solar distillation system of the present invention is water distillation 

15 for providing clean safe drinking water. However, the present invention may also be used for other 
distillations and even for heating liquids (e.g., producing hot water). 

Referring now to Figure 1, a perspective view of one exemplary embodiment for the 
solar powered distillation system according to the present invention is provided. The solar 
powered distillation system 100 includes a basin 105 that may include a basin casing 108 and an 

20 impermeable membrane 1 10 lining the interior surfaces of the basin casing 108. The basin 

casing 108 may include a structurally rigid and durable outside surface material 1 15, for example 
aluminum, lined with an insulation material. Further, the basin casing 1 OS exterior may be 
trimmed on its edges and corners with strengthening members 120, preferably made of, for 
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example, aluminum. The exterior of the basin casing 108 is preferably made of durable materials 
that will hold up to harsh climate conditions including extreme heat (e.g., desert operation). The 
interior surface of the basin 105 serves at least two distinct purposes: retaining the liquid to be 
distilled and absorbing sunlight during distillation. Further, the membrane 1 10 should be easily 
5 assembled into the basin 105. As such, in a preferred embodiment the membrane 100 may be 
made of an opaque material which is extruded as a sheet or molded into the form of the basin 
105. In distilled water applications the membrane is preferably made of food grade materials so 
as to provide safe drinking water that tastes good. One such material may be a blackened 
silicone, for example, Dow Corning 40/Silicone FDA ingredients per CFR 177.2600, extruded 

10 into a sheet and attached to the interior surface of the basin casing 108. Another such material 
may be Dow Corning 999-A. It is important that the material have a long service life and does 
not degrade in the presence of ultraviolet rays from the sun. The use of a dark or blackened 
silicone will help improve absorption of the sun's rays so as to increase the heating of the solar 
powered distillation system and distillation production. 

1 5 The solar powered distillation system may be closed by covering the basin 1 00 with a 

piece of glass (not shown). The glass may be preferably a tempered glass and be attached to the 

sill 125 on the basin 105. The glass should seal the basin to produce a sealed solar powered 

distillation system 100 that retains as much solar heat as possible. In one preferred embodiment 

t 

the glass may be attached to the basin sill 125 with food grade silicorj, for example, Dow Corning 
20 999-A. Similarly, the glass may be clamped down or placed in a sliding sleeve. 

Referring now to Figure 2, a cross section view taken at line 200 of Figure 1 is pro\ ided 
for one preferred embodiment. In this embodiment, the basin casing 108 is formed of a thin 
aluminum sheet 1 15 bonded to an insulation material 1"J0 as shown. The exterior corners of the 



6 




PATH \ T APPLK 'A'I'ION 

AUornj> Ducket N«i. 2>~ 2*} 

basin casing 108 arc trimmed with angled structural support members 120 that are preferably 
made of aluminum. Additional insulation strips 205 may be attached to insulation 1 10 using, for 
example, silicon. Another layer of insulation 215 may then be attached to insulation strips 205 
using, for example, silicon. As a result the bottom of the basin contains an intermediate layer of 
5 air 210 and insulation 205 which will improve the insulating characteristics of the basin 105 
because most heat is radiated at the bottom of the basin 105. Another strip of insulation, the 
distillate collection trough 220, is attached to the short front side wall of the basin 105 and 
channels the distillate that condenses on the glass cover to an output port (not shown). The 
various insulation layers maybe, for example, polyisocyanurate. In any case, membrane 1 10 

10 lines the inside of the basin 105. The membrane is preferably a blackened extruded or molded 
silicone that may be attached to the walls and floor of the inside of the basin 105 so as to retain 
the distillate liquid. Although not shown in the Figures, membrane 1 10 may also overlap the 
basin casing sill 125 as well as the structural support member 120 on the sill 125. A more 
detailed description of the basin casing 108 and membrane 1 10 follows. 

15 Figure 3 A provides one preferred embodiment ofthe basin casing 108 insulation and 

siding. As described above, the solar powered distillation system basin casing 108 (without the 
structural support members 120) may be formed from an aluminum sided insulation sheet 300. A 
thin layer of pliable aluminum 1 15 may be adhered to a layer of insulation 1 10, for example, 
polyisocyanurate, Styrofoam, etc. The thin layer of aluminum will be the outer surface ofthe 

20 basin casing and provide structural soundness and durability against the outside environment 
where the still is to be operated. Although the preferred embodiment here is show n with an 
aluminum outer surface, the material may be any other pliable material, for example a plastic, 
that exhibits the structural and durability characteristics needed for the still casing. In any case. 
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the basin casing sheet 300 is provided with grooves 31 OA 310D to allow for portion 315A - 
315D of the sheet to be folded at a 90 degree angle (perpendicular) to the main surface so as to 
form the sides of the basin 105. Prior to angling the sides 315A - 315D relative to the main 
surface, the corners of the sheet 300 are eliminated. The sheet 300 may be formed with the 
5 corners notched out or the corners may be removed from the rectangular sheet 300 prior to 

bending the ends 3 1 5 A - 3 1 5D up to be perpendicular to the normal flat surface of the sheet 300. 

Figure 3B provides a cross section view of sheet 300 taken across line 350 as fabricated 
for use in forming the casing of the still basin. As illustrated, the insulation is notched at 
locations 3 10A and 3 10C to enable the sides of the basin 105 to be formed at, for example, a 90 
10 degree angle (bends 355 A and 355B) from the single sheet 300. The notches are preferably a 90 
degree angle notch that may be formed using a mold during formation of the insulation material 

or by removing the insulation in these areas (31 OA and 3 10C) after a full sheet 300 is 
formed. In a preferred embodiment sheet 300 is a Celotex building material sheet with aluminum 
and polyisocyanurate and the grooves 31 OA - 310D are formed in the sheet by, for example, 
1 5 cutting away portions of the polyisocyanurate. In any case, the grooves 3 1 OA - 3 1 0D are formed 
in the sheet 300, the corners 305 A - 305D are notched, and the ends 315A - 315B are bent up to 
form sides of the basin 105 that are perpendicular to the bottom surface (aluminum facing 
outward) of the basin casing 108. This approach pt o\ ides a cost effective, lightweight, and 
durable basin casing. 

20 As previously indicated, the membrane 1 10 may be formed from an extruded sheet 

(Figure 4A) or be molded into a preformed shape (Figure 4B). Turning to Figure 4 A, a 
perspective view of an extruded membrane sheet 405 used to form the basin lining membrane 
1 10 is provided which indicates the forming processes for fitting the extruded material into a 



8 




PATH NT APPLICATION 

Auonics Ducket No. 251 255 

shape to line the solar distillation system basin 105. In a preferred embodiment, the extruded 
membrane sheet 405 is made of a food grade black silicone, for example Dow Corning 40, and 
extruded in a rectangular sheet large enough to completely cover the inside of the solar 
distillation system basin 105 when folded or cut to the shape and size of the basin 105. 
5 Although, the membrane 1 10 may be made of other materials that have characteristics such as 
being non-toxic, odorless, malleable, impermeable, food grade, and UV resistant. The four sides 
of the rectangular sheet 405 may be folder 90 degrees as shown by 410A-410D, to make 
perpendicular sides to coincide with the sides of the basin 105. As indicated by the dashed lines 
420A and 420B, two ends of the extruded sheet 405 may be cut to match the slope of the two 

10 sloped side walls of the basin 105. The comers 41 5 A - 415D may be cut out at the dotted lines 
or simply folded over so as to form a squared corner of the membrane 1 10 to form fit inside the 
squared corner of the basin 105. The folded material of the membrane sheet 405 may be folded 
tow ard the inside or outside surface of the membrane 1 10 corners at, for example, the dotted lines 
including diagonal line 425. These corner folds may be adhesively attached to the perpendicular 

1 5 walls of the membrane 1 1 0 or the walls of the basin, using for example, a silicone such as Dow 
Corning 999-A. If the corners are cut out then the sides may be connected together with, for 
example, an adhesive so as to make a sealed membrane 1 10 which is form fitted to the basin 105. 
This adhesive may be, for example, a silicone such as Dow Corning 999-A. The membrane may 
be made of any thickness as long as it is sufficiently durable for installation and use and 

20 malleable enough to lie close to the contour of the basin. In one preferred embodiment the 

membrane may be in the range of 0.010 to 0.150 inches thick for example, 0.025 inches thick. 
Further, in one variation the Dow Corning 40 silicone may have FDA ingredients per CFR 
177.2600. 
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Another method of making the impervious membrane 1 10 is using a molding process. 
Figure 4B is a perspective view of such a molded membrane basin liner according to one 
embodiment of the present invention. As illustrated, the molded method eliminates the need for 
manually shaping the membrane material to fit into the basin T ( 1~0, which can save assembly time 
5 and improve the integrity of the membrane 1 10. 

A still further method of making the impervious membrane 1 10 is spraying the material 
onto the basin 105. The membrane material to be sprayed on, for example silicone, could be in 
liquid form and applied with air pressure in a manner similar to spray painting. Alternatively, the 
material could be contained in a gas pressurized or aerosol can and may thus be easily applied on- 

10 site. This approach may be most beneficial if the solar pow er distillation system is shipped to 
location in kit form and assembled on site. 

Referring now to Figure 5, another exemplary solar powered distillation system 100 
according to the present invention will be described. In this embodiment, the solar power 
distillation system includes legs, various inlet and outlet ports with tubes, and a carbon filter. 

15 First, adjustable legs 505, preferably four legs, are provided so that the basin 105 may be easily 
set up and leveled for maximum distillation efficiency. The adjustable legs 505 may include a 
first section 51 OA and a second section 51 0B with which associated with one another so that the 
combination allows for adjustable leg length. In a preferred embodiment the second section 
51 OB may be threaded and screw in and out of the first section 51 OA. Of course the sections and 

20 their respective operations could be reversed. In another embodiment, the adjustable legs may 
have two or more sections that slide in and out of one another and use a friction based locking 
mechanism to set and secure the length. The legs 505 may also be folding legs so that they may 
be folded parallel to the underside of the still 100 basin for convenient shipping, carrying, and 
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storage. Alternatively the legs 505 may be affixed to the basin with a quick disconnect bracket. 

The solar powered distillation system may also include an inlet port and hose 515, an 

overflow outlet port and hose 525, and an outlet port and hose 530. The hoses may be made of a 

flexible silicone based material and be food grade. Further, a carbon filter 520 may be provided 

5 on the inlet port 515 or the outlet port 530 so as to filter out VOCs that may not be completely 

removed during the distillation process. The carbon filter will remove volatile organic 

compounds (VOCs) such as pesticides and petroleum distillates from, for example, a source 

water supply or distilled water output by the system. In a preferred embodiment the carbon filter 

520 is connected to the inlet port and hose 5 1 5. 

10 Referring now to Figure 6, one method of assembling a solar powered distillation system 

according to one variation of the present invention will be explained. First, at step 605, an 

aluminum sided insulation sheet 300 is formed to have corner notches and grooves for folding up 

side panels (see Figures 3 A and 3B). Next, i-p step 610, the ends of the sheet 315A - 315D are 

folded up, preferably perpendicular to the rest of the sheet, to form the sides of a solar power still 

fir 

15 basin casing 108. Then,j^i step 615, a structural framing 120 is attached to the outside comers of 
the aluminum sided basin casing to complete the basin casing 108. Next,jp step 620, one or 
more insulation strips 205 are attached to the bottom inside surface of the basin casing 108. 
Then, at step 625, a sheet of insulation 215 is attached to the one of more insulation strips 205. 
Of course, inclusion of the insulation strips 205 is not necessary and this step could be eliminated 

20 in one variation of the invention. In either case, next at step 630 a collection trough is created by 
attaching a strip of preferably insulation material having either straight or angled top edge, to the 
shorter side wall inside surface of the basin casing 108. The collection trough will collect 
distilled liquid and channel it to an output port. Then, at step 635, the extruded or molded 
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membrane 1 10 is placed on the inside surfaces of the basin casing 108 to act as a liner. The 
membrane 1 10 may be attached to the inside surfaces of the basin casing 108 using, for example, 
a silicone material such as Dow Corning 999-A. Next, at step 640, a glass panel is attached to the 
top of the still so as to seal the basin for efficient operation. The glass may be attached to the 
5 basin by using, for example, a bead of silicone, a rubber seal and locking mechanisms, or any 
other sealing method. 

As discussed above, the invention may be used for distilling water to produce safe drinking 

water. One exemplary method for operation the solar powered distillation system for distilling 

/ 

drinking water is shown in Figure 7. A solar still operates on the same mechanism that produces 
10 rainwater: evaporation. The solar powered distillation apparatus may be operated by introducing 
water into the inlet and recovering distilled water from the outlet. First, in step 705, for maximum 
output the still 100 should be place in a location receiving a maximum amount of sun and oriented 
to direct the angled glass top towards the sun. Next, in step 710, the still 100 should be leveled so 
that when the water is put in the still basin 105 the w ater covers the bottom of the basin 105 equally 
15 in all locations. This will also help to maximize distillation output. Next, at step 715, a feedwater 
supply is introduced into the still via an input port. The feedwater supply may be a bucket or other 
container attached to an inlet hose or a garden hose with pressurized water connected to the inlet 
hose. The feedwater is often times manually inputted using a container and is not required to be 
pressurized. Then at step 725, a collection device is connected to an output port, preferable via a 
20 silicone hose. 

Once the system is Hushed, the water to be cleaned is poured into the still 100 to partially 
fill the basin 105. The glass cover allows the solar radiation (short-wave) to pass into the still 100. 
which is mostly absorbed by the blackened base. The water begins to heat up and the moisture 
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content of the air trapped between the water surface and the glass cover increases. The base of the 
membrane 1 10 also radiates energy in the infra-red region (long wavelength) which is reflected 
back into the still 100 by the glass cover. Thusjthc glass cover traps the solar energy inside the still 
100. The heated water vapor evaporates from the basin and condenses on the underside of the glass 
5 cover. The condensed water trickles down the inclined glass cover to an interior collection trough 
and is delivered to the collection device which may be, for example, a glass storage bottle. This 
procedure should be followed each day. 

Next, at step 730, each day the still should be flushed with approximately three or more 
times the amount of water produced by the still daily to remove various salts and minerals left 

10 behind in the still from the previous days operation. Then, at decision step 735, it is determined 
whether the inside of the glass top has a residue formed on it. If the glass appears cloudy and the 
amount of distilled water production is less then normal it is likely that a residue has formed on the 
inside of the glass. This residue may cause resistance to the flow of condensed water along the 
glass top to the collection trough. If so, then large condensation droplets form along the glass top 

15 and fall back into the basin 105 before reaching the collection trough. If this occurs, then at step 
740 the glass top is removed, turned over, and resealed to cover the basin 105. If not, then at step 
745, the still 100 is refilled with water to be distilled. 

Although a particular embodiments of the present invention have been shown and 
described herein, it will be understood that it is not intended to limit the invention to the preferred 

20 embodiments and it will be obvious to those skilled in the art that various changes and 

modifications may be made without departing from the spirit and scope of the present invention. 
Thus, the invention is intended to cover alternatives, modifications, and equivalents, which may 
be included within the spirit and scope of the invention as defined by the claims. 
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All publications, patents, and patent applications cited herein are hereby incorporated by 
reference in their entirety for all purposes. 
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